Introduction
[2] The almost 4000 km-long, E-W trending trough system of Valles Marineris (VM) on Mars [Lucchitta et al., 1992] contains large interior layered deposits (ILD). These ILDs are clearly distinguished from the trough walls on the basis of the morphology, such as the fine layering and erosional style. Whereas the main trough walls probably consist of flood basalt layers [McEwen et al., 1999] , recent results from the OMEGA instrument on Mars Express show that sulfates are associated with many of the ILDs [Gendrin et al., 2005] . Several hypotheses for their formation have been put forward, including lacustrine [Nedell et al., 1987] and eolian [Peterson, 1981] deposition, as well as pyroclastic volcanism in subaerial [e.g., Hynek et al., 2003; Chapman, 2002; Lucchitta, 1987 Lucchitta, , 1990 or subglacial [Chapman and Tanaka, 2001; Komatsu et al., 2004] environments. While all these processes would imply that the ILD are younger than the troughs in which they formed, other studies [e.g., Malin and Edgett, 2000] suggest that the ILD are ancient deposits exhumed from below the material forming the trough walls. Variability in layer characteristics suggests that no single mechanism can unambiguously explain all the properties of all ILDs.
[3] Missing from these studies is knowledge about the internal geometry and structural setting of the ILDs. Such information may help resolve these competing hypotheses because these processes give rise to distinctive internal characteristics [Hauber et al., 2006] . Measuring the attitude of the layering allows us to analyse the geometric relationships within the ILD units and between them and the underlying basement rocks.
[4] This study examines the layering and topography of a small region in western Candor Chasma (Figure 1 ) which has been the focus of several studies [Lucchitta, 2004; Fueten et al., 2005] . Primary data are the high-resolution stereo and multispectral images by the High Resolution Stereo Camera (HRSC) of the Mars Express mission which enable the derivation of digital terrain models (DTM) and orthoimages [Scholten et al., 2006] .
Geological Context
[5] The HRSC image area (Figure 1 ) is located in western Candor Chasma and has most recently been mapped by Lucchitta [1999] , whose unit designations we follow. North of the Hesperian-or Noachian-aged wall rocks, the chasma floor contains a broad northwest-southeast-trending ridge, with a prominent mound near the center of the area. The ridge is asymmetric (Figure 2 ) with its southwest-facing side being shallower dipping than its northeast side. This area is covered by older interior deposits of Hesperian or Amazonian age [Lucchitta, 1999] , which are mottled (AHim), layered (AHil) and resistant (AHire). The latter forms a cap on the central mound that is preserved primarily along a south-facing slope with a sharp break at the ridge of the mound. Layered material to the north and west of the mound has been interpreted as belonging to younger, though also of Hesperian or Amazonian age, interior deposits [Lucchitta, 1999] (units Aira, Airs, AHie).
Methodology
[6] A high-resolution DTM derived by the method of Gwinner et al. [2005] was used in the study. The DTM is based on stereo point observations with a mean 3D error of 21.5 m and has a grid spacing of 150 m. The numeric 
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resolution of the height values is 1m. In addition, a 25 m/pixel resolution panchromatic orthoimage has been derived. These data are analysed using Pangaea Scientific's Orion software following the method outlined by Fueten et al. [2005] . Orion uses the 3D coordinates of manually selected points, deemed to be on the same layer, to compute a best-fit plane using multi-linear regression. The reliability of the results is shown by the repeatability of measurements from nearby layer units, sampled independently by at least two operators. The data allows for the measuring of layers with trace lengths on the order of 1 km. 110 layer attitudes were measured, including 2 measurements of wall rock layers. Layers were measured using between 6 and 40 data points each and ranged in length from 839 m to 14572 m with an average length of 3509 m. The average vertical deviation from the fitted planes is 4.1 m, with a standard deviation of 5.9 m. These deviations, based on an adjustment procedure of a number of individual DTM points, are reasonable values as compared to the expected single point error of the DTM (21.5 m).
Measurements and Observations
[7] Clearly visible internal layering on the NE flank of the mound (Figure 1c ) displays an elliptical trace, approximately 12 km by 8 km in extent. The layers in the topographically higher SW and lower NE quadrants show good planarity, dipping $7°NE and 20°NE, respectively (Figures 1c and 1e) . Unit AHire is a dark planar resistant layer that dips $6°SW (Figures 1c and 1e) , unconformably overlaying the SW layers which dip 7°NE. On the southeast side of the mound, the layers can be traced up the slope and over the crest beneath unit AHire, without any significant thinning nor evidence of onlapping.
[8] Layering surrounding the mound generally dips 5°-15°with dip directions to the south near location O or the east near location P (Figure 1) . Southeast of the mound, unit AHire dips 5°to 15°to the southwest while layered rock dips to the northeast. Near location Q (Figure 1) , unit AHire and the underlying layered rock display similar shallow easterly dips. In almost all cases, dip directions are down the topographic slope. At the resolution of the HRSC data set, we see no distinctive brittle structures indicative of faults that separate the regions of differing layer dips.
[9] Several small distinct topographic features are present within the northern part of the image. In two (Figure 1 , locations X and Y), clear layering displaying a spur and gully erosional edge could be measured. The layering dips more steeply at 30°N, and 41°NE and 29°NE (Figure 1 , locations X and Y). The topographic expression of the features parallel to the dip direction is asymmetric, with steeper western and shallower eastern slopes. In both cases the layering dip direction is down the shallower slope and cannot be traced beyond the topographic high. A 3D view of feature Y (Figure 1, inset D) confirms its sharp topographic expression as well as steeply dipping layering.
Discussion
[10] Our primary observations are the low dip angles of the ILD layering, the tendency of the dips to parallel local topographic slope, and the lack of observed faulting in the ILD layering. Our data rule out the hypotheses that this ILD is part of an ancient deposit exhumed by extensional faulting [Malin and Edgett, 2000] or significant post-depositional tectonic processes. The lack of onlapping geometry and layer thinning over the mound seems to rule out shallow water and subglacial deposition. Although it is possible that the mound is a volcanic cone, as suggested by Lucchitta [2004] , the slope-parallel layering attitudes throughout the study area suggest a more widespread formation process. Low-energy deposition mechanisms such as subaerial [e.g., Hynek et al., 2003] or deep water deposition from suspension remain possible. Both would produce draping of ILD strata over existing topographical features and lead to the observed features, similar to pelagic sedimentation from suspension on Earth [e.g., Mitchell et al., 1998 ]. Recent measurements of other ILDs [e.g., Hauber et al., 2006] give similar results, suggesting that our model may apply elsewhere.
[11] The small sharp topographic features are of limited lateral extent, with the layering that composes the ridge crest not extending beyond the topographic expression. The strata comprising the ridge is similar in character to that exposed in the chasma walls. Lucchitta [1999] interprets these units as resistant interior deposits (AHire). We suggest that these topographic features may be small rotated fault blocks of basement lithology. Rotation angles of 30°to 41°a re near the maximum deemed possible in the crustal stretching model of Mège and Masson [1996] .
[12] Hence we suggest that basement fault blocks are the topography over which this ILD's layering is draped and that the large-scale basement topography is similar to the current topography. The layered material is a veneer over the basement that is thick enough to smooth out the probably rugged fault-block basement terrain, yet thin enough to preserve the large-scale features. In places, basement fault blocks may pierce the cover as with the small sharp features (Figure 1 , locations X and Y). In both locations, the potential basement blocks are relatively small outcrops and are exposed at low elevation within the chasma. This suggests that the presently remaining layer of ILD material is relatively thin, possibly less than a km in thickness, and that the volume of actual ILD material is less than the volume of the ILD topographic expression.
[13] Unit AHire is unconformable at the top of the mound but nearly conformable with the underlying layered material near its western edge, consistent with an episode of erosion of the underlying layered material, followed by renewed deposition. The dark color, competency and distribution of AHire suggest that it may be composed of volcaniclastic sediments, becoming indurated following deposition.
[14] The following geologic history of this region is suggested. After the opening of the chasm, fault blocks of basement lithology are covered by draping layered material over the blocks. Deposition may well have commenced with chasm opening, but there is no clear evidence of syn-tectonic deposition. Dip directions of the layered material approximate basement topography which implies a low energy deposition process, either subaqueous or subaerial. Subaqueous deposition requires the top of the mound to have been submerged and the chasma filled with a 4 km-deep ocean. Subaerial deposition requires a regionally extensive source, probably wind-borne volcanic ash, as suggested by Hynek et al. [2003] . In a few isolated places, possible basement fault blocks are exposed ''islands'' in the layered material, either because they were not covered initially or were exhumed during the erosion. Following a period of erosion, the unit AHire is deposited, possibly through localized volcanism though its original extent is unknown.
[15] The presence of sulfates associated with ILDs might be explained by the alteration of volcanic rocks, for example, by the introduction of sulfur-bearing magmatic gases into meteoric or ground water in ILDs of pyroclastic material [Fulignati et al., 2000; Zimbelman et al., 2005] . However, it has to be noted that other sulfate formation mechanisms like evaporation cannot be excluded.
Conclusion
[16] The new high resolution images and elevation data from the Mars Express HRSC experiment allow for the measurement of layering attitudes in the ILDs in VM, an important new tool for the study of Mars. The attitudes of layered materials in southwestern Candor Chasma and their relationship with potential faulted basement blocks suggest that this ILD was deposited in a low-energy sedimentary environment, with little tectonism. This rules out the hypotheses that this ILD is an exhumed ancient deposit [Malin and Edgett, 2000] , or that it resulted from high energy glacial, lacustrine or aeolian processes. A highly irregular basement topography would lead to the volume of deposited material being much less than is apparent from the gross geometry of the structures. A subaerial or subaqueous depositional environment could be more widespread than this one area, so similar depositional processes may have occurred elsewhere, as suggested by recent measurements of other ILDs. However, variability among ILDs [Hauber et al., 2006] indicates that other processes may have acted locally to override these wider conditions. Moreover, identifying a possible syn-tectonic component in the formation of the ILD during the formation of the Valles Marineris troughs requires a higher resolution HRSC data set, which will be available in the future.
